The SALTMED model is one of the few available generic models that can be used to simulate crop growth with an integrated approach that accounts for water, crop, soil, and field management. It is a physically based model using the well-known water and solute transport, evapotranspiration, and water uptake equations. In this paper, the model simulated chickpea growth under different irrigation regimes and a Mediterranean climate. Five different chickpea varieties were studied under irrigation regimes ranging from rainfed to 100 % crop water requirements, in a dry and a wet year. The calibration of the model using one of the chickpea varieties was sufficient for simulating the other varieties, not requiring a specific calibration for each individual chickpea variety. The results of calibration and validation of the SALTMED model showed that the model can simulate very accurately soil moisture content, grain yield, and total dry biomass of different chickpea varieties, in both wet and dry years. This new version of the SALTMED model (v. 3.02.09) has more features and possibilities than the previous versions, providing academics and professionals with a very good tool to manage water, soil, and crops.
Introduction
In regions with limited freshwater resources and increasing demand for food, agricultural water management becomes a key factor for a sustainable agriculture (WWAP 2012 ). Computer models that are able to simulate crop growth under different irrigation managements and strategies can be very useful tools to increase water use efficiency and productivity. These models can also be used to simulate crop performance in regions where some crops have not been grown before or when the growing conditions have changed. Sivakumar and Glinni (2002) presented, and briefly described, several crop growth models but most of them were single crop models or crop growth models for specific applications. These models can be very useful for a certain research objective, but cannot be used for more general conditions or for on-farm decisions. The extension services and farmers need models that can help them to make decisions such as what crop/variety to use, when to sow and harvest, when and how much to irrigate, what yield is expected under a specific irrigation system or strategy when using a certain water quality. Therefore, they prefer to have models with an integrated approach that accounts for water, crop, climate, soil and field management (Ragab et al. 2005a) , and be able to work with different crops.
At present, there are not many models that can be used with a large variety of irrigation systems, soil types, soil stratifications, crops, and water management strategies.
The SALTMED model (Ragab 2002; Ragab et al. 2005a Ragab et al. , b, 2010 ) is one of the few available models that have been developed for such generic applications and have proved its ability to simulate several crops and agricultural situations. It has been developed to account for different irrigation systems, irrigation strategies, different water qualities, different crop and soil types, N-fertilizer applications, fertigation, impact of abiotic stresses such as salinity, temperature, drought and the presence of shallow groundwater, and a drainage system. The current version would allow realtime simultaneous (all at once) simulation of 20 fields each of which would have different: irrigation system, irrigation strategy, crop, soil, N-fertilizer, etc. The model simulates the dry matter production, crop yield, soil salinity and soil moisture profiles, salinity leaching requirements, soil nitrogen dynamics, nitrate leaching, soil temperature, water uptake, evapotranspiration, groundwater level and its salinity, and drainage flow. It is a user-friendly model, benefiting from the Windows TM environment; however, it is a physically based model using the well-known water and solute transport, evapotranspiration, and water uptake equations. The model was first tested with examples of applications using data from the literature (Ragab 2002) , then has been calibrated and validated with field data for crops such as tomato, under drip and furrow irrigation (Flowers et al. 2005; Ragab et al. 2005a, b) , and sugarcane (Golabi et al. 2009 (Hirich et al. 2012; Montenegro et al. 2010) . Each individual calibration and validation of the model under different conditions than those already performed is expected to lead to the improvements of the model performance and ensures its reliability.
According to the Food and Agriculture Organization (FAO), chickpea (Cicer arietinum L.) was the third most important pulse crop in the world, with a total production of 9.8 million tons from a harvested area of 11 million hectares in 2009 (FAOSTAT 2010) . It is cultivated in a wide range of environments, from the subtropics (India and Northeastern Australia) to arid and semiarid environments of Mediterranean climatic regions (Mediterranean basin and Southern Australia) (Pacucci et al. 2006) . In Mediterranean regions, chickpea is traditionally grown as a rainfed crop, but the use of supplemental irrigation can significantly increase chickpea yield (Biçer et al. 2004; Nielsen 2001; Pacucci et al. 2006; Silva et al. 2012; Soltani et al. 2001 ). This crop is of special interest for model calibration and validation, since the simple variation of irrigation depths can lead to different yields. In such case, it would also be easy to see the effect of deficit irrigation strategies in reducing agricultural water use.
In Southern Portugal, chickpea is frequently cultivated in shallow depth of multi-layered soils (Silva et al. 2012) , which presents another challenge for model simulation. The existence of multi-layers, with small depths (20-30 cm) that vary significantly within the field, sometimes with significant differences in clay content, soil hydraulic parameters, and infiltration capacity of individual layers, would require models with good simulation capability to cope with all these variations.
The objective of this study was to calibrate and validate the SALTMED model using irrigated chickpea field data from two seasons (dry and wet) of field experiments with supplemental irrigation, carried out in Southern Portugal in multi-layered soils.
Materials and methods

The SALTMED model
The SALTMED 2009 version, with new features and more input and output parameters, compared with the first version described in Ragab (2002) and Ragab et al. (2005a, b) , has been described in detail in Ragab (2010) . The latest version of SALTMED model includes the following key processes: evapotranspiration, plant water uptake, water and solute transport under different irrigation systems and strategies, fertigation, drainage, presence of shallow groundwater, Nitrogen cycle, and the relationship between crop yield and water use. The current version can at once run with up to 20 different fields, each of which could have a different, irrigation system and strategy, crop, soil and N-fertilizers management. In this study, the SALTMED 2010 model version 3.02.09 was used. The main difference, compared with the 2009 version, is the new option for the calculation of the water uptake throughout the crop season. The new version of the model allows the user to assign a different water stress tolerance level for each crop growth stage, instead of only a single tolerance level value for the whole growth period. This would allow a better modeling of the crop water uptake during the crop cycle especially for crops exhibiting different tolerance levels to drought in the different growth stages. The drought tolerance levels have implication for crop growth and root development in each stage.
The model is a free download as well as its supporting document and example at the EU funded project SWUP-MED Web site at: http://www.swup-med.dk/SALTMED. aspx. (Table 1) . Two desi type chickpea varieties (Elmo and Elite) and three kabuli type varieties (Elixir, Eldorado and Elvar) were grown under rainfed and supplemental irrigation conditions. The experimental design was a splitplot with four replications and four irrigation treatments applied to the whole units, in a systematic arrangement. The four irrigation treatments were full (100 %) crop irrigation requirements (IR), 50 % of IR, 25 % of IR, and rainfed. The field trials were sown on February 27, 2009 and March 19, 2010. Sowing date was delayed in the second year because the soil was waterlogged due to the excessive rainfall over the winter. Harvesting occurred between the 24th and 27th of July, in both years.
Irrigation water was applied to the treatments using a drip irrigation system. There was a polyethylene line with 2 Lh -1 discharge rate emitters, spaced 0.30 m, near each of the two middle plant rows. The irrigation water amount (irrigation depth) in each plot was determined from the irrigation time and the discharge rate. Soil water content was monitored before each irrigation event using a Diviner 2000 soil moisture probe and probe access tubes, 3 for each irrigation treatment. Measurements were taken every 10 cm down to a depth of 80 cm. Details of irrigation events are given in Table 2 .
The calibration process
As yield depends on water uptake and this in turn depends on soil moisture, it was decided to calibrate against the final grain and biomass yield. But since all variables are interlinked to each other, this means that soil moisture calibration was also required. For calibration, only one variety, the Eldorado variety data from the rainfed treatment in 2010 were chosen.
The data and information used in the calibration process were:
(a) The daily meteorological data from Elvas weather station. (b) The irrigation files containing flow rates, duration, and time of each irrigation event. (c) The crop parameters (Fig. 1) . Maximum plant height and rooting depth, length of each growing stage, and planting and harvesting date were based on field measurements. Crop coefficients such as K c , K cb , Fc were based on FAO-Irrigation & Drainage paper no. 56 (Allen et al. 1998) . Leaf area index (LAI) values were estimated based on data presented by Singh and Virmani (1996) . These values were confirmed/finetuned during the calibration. (d) Soil physical parameters (Table 1) were determined in the laboratory using field soil samples. Total porosity, saturated hydraulic conductivity, bubbling pressure, and pore size distribution were derived from the tables and figures presented by Rawls and Brakensiek (1989) . Initial soil moisture and initial salinity content were measured in the field. (e) Crop growth parameters from the SALTMED database were used in the calibration process, except for the Harvest index (HI) that was calculated from field data. On average, the harvest index of the rainfed treatment was 0.32 and 0.36 for the irrigated treatments. The water uptake parameter values were estimated based on the FAO-56 publication (Allen et al. 1998 ) and fine-tuned during the calibration process. The photosynthesis efficiency value, an important crop growth parameter of the model, was also adjusted during the calibration process in order to achieve the minimum possible difference between measured and simulated crop yield.
The process of calibration was carried out first using the initial measured/estimated values of crop and soil parameters, and then they were changed gradually, one at a time until the calibrated yield was equal or very close to the observed one. The validation process
After the successful calibration of the rainfed treatment of the Eldorado variety in 2010, the model was run with the same calibration parameters, including the photosynthesis efficiency parameter value, for the other chickpea varieties and irrigation treatments of 2009 and 2010. The only changes made were the length of the crop growth cycle, as it was different in both years, and the LAI and HI values that were different for each chickpea variety and irrigation treatment.
To determine the goodness of fit between observed and simulated values, 3 statistical indicators were used: the root mean square error (RMSE) (Eq. 1), the coefficient of residual mass (CRM) (Eq. 2), and the coefficient of determination (R 2 ) (Eq. 3). The RMSE values show how the simulations under-or overestimate the measurements and can be calculated by:
where ''O i '' is the observed value i, ''S i '' is the corresponding simulated value, and n the number of observed or simulated values. The coefficient of residual mass (CRM) (Loague and Green 1991) is defined by: Fig. 1 Crop parameters used in the calibration process 
CRM is a measure of the tendency of the model to overestimate or underestimate the measurements. Positive values for CRM indicate that the model underestimates the measurements and negative values for CRM indicate a tendency to overestimate. The coefficient of determination (R 2 ) is determined by a regression analysis between measured and predicted values. It is calculated by:
where ''O i '' is the observed value i, ''O avg '' is the average of observed values, ''S i '' is the corresponding simulated value, ''S avg '' is the average of simulated values, and n the number of observed or simulated values. The R 2 value ranges from 0 to 1. R 2 = 1 indicates a perfect correlation between observed and simulated values.
Results and discussion
Soil moisture calibration Initially, the model was calibrated using the Eldorado variety crop data from the 2010 season rainfed treatment. In the first calibration step, the laboratory-and the literaturebased soil parameter values were used. But, although the grain and biomass yield simulated values were good, the simulation values for soil water content did not produce equally good results. This required to fine tune the calibration parameters especially those with direct relation to soil moisture namely, the soil parameters. All measured soil parameters were kept with their original values and the calibration process consisted of the adjustment of the estimated parameters (those obtained from the literature), namely lambda ''pore size distribution index,'' bubbling pressure, and saturated hydraulic conductivity. The soil was divided into the three layers as given in Table 1 , and all the above-mentioned parameters were adjusted for each layer until there was a good correlation between observed and simulated parameters in all simulated soil depths. The simulated soil depths (Fig. 2) were chosen in order to avoid having a depth coinciding with the transition of two soil layers. It was observed that there is more variation in soil moisture of the top soil layer (Fig. 2a) compared with the other layers. This is due to a more dynamic soil water movement; since this is the layer receives all water entering the soil profile and it is the layer where the soil evaporation takes place. Also, there was a higher root development in this first layer, compared with the other layers, which causes higher plant water uptake and thus higher soil moisture depletion and variation. For the other depths, soil moisture content did not vary much during the crop cycle. Figure 3 shows the correlation between the observed and simulated soil moisture values following the calibration process. For all depths, there was a good agreement between simulated and observed values. In most cases, the coefficient of determination (R 2 ) was over 78 %. This value is similar to those obtained by Hirich et al. (2012) . At 30-cm depth, the value of R 2 was slightly lower (69 %). This can be due to the fact that the thickness of the first soil layer, assumed to be 20 cm in the model, while in the field, it varies and, at certain locations, can be up to 30 cm deep. At those places, it is expected that simulated and observed figures will not very closely match. The latter is caused by the difference in the soil physical properties of each layer; which can lead to a more significant difference between the measured values and those simulated by the model based on the soil parameters assigned for each layer.
Grain and total dry biomass yield calibration and validation Generally, there was a good agreement between simulated and observed grain yield for the 2 years and the five chickpea varieties (Table 3 ). In 2009, half of the grain yield values was slightly underestimated and half slightly overestimated. Considering the sum of all differences, there is a slight underestimation by the model (CRM = 0.005). The fact that the model was calibrated with the 2010 grain yield data, which were lower compared with the 2009 grain yield data, may explain some of these underestimated values that occur specially in the 100 % IR treatment where observed yields were higher. The highest difference between observed and simulated values was 5.14 %. In 2010, there were more overestimated values than underestimated ones, leading to an overall slight overestimation (CRM = -0.010), with all differences between observed and simulated values below 5.65 %. Figure 4 shows that simulated values presented a very good agreement with the observed values (R 2 = 0.995). Total dry biomass simulations (Table 4) 
Conclusions
The SALTMED model proved to be an efficient tool for the simulation of different irrigation strategies of chickpea in Mediterranean conditions, in dry and wet years. The calibration of the model with one chickpea variety was good enough for using the model with other varieties, not requiring a different calibration for individual chickpea varieties. The model calibration highlighted the need for good quality data, especially soil data. The model is very sensitive to soil hydraulic parameters and the initial soil moisture value (especially for short growing seasons). This had already been reported by Montenegro et al. (2010) and Ragab et al. (2005b) . The validation process showed that leaf area index is also an important parameter in the simulation of total biomass. This study explored a limited part of the SALTMED potential and not by any means showed the full potential use of the model. Many model options were not tried yet, such as salinity impact, nitrogen dynamics, shallow ground water fluctuation and its salinity and nitrogen concentration, flow to drains, nitrate leaching, options to use different evapotranspiration calculations, and more. Subsequently, more applications are planned to study the model to its full potential. 
